The damming of a river causes dangerous consequences on structure of the environment downstream of the dam, modifying the sediment composition, which impose major adjustments in longitudinal distribution of benthic community. The construction of Engenheiro Sérgio Motta Dam in the Upper Paraná River has caused impacts on the aquatic communities, which are not yet fully known. This work aimed to provide more information about the effects of this impoundment on the structure of Chironomidae larvae assemblage. The analysis of data of physical and chemical variables in relation to biological data of 8 longitudinal sections in the Upper Paraná River showed that composition of Chironomidae larvae of stations near Engenheiro Sérgio Motta Dam differed of the other stations (farther of the Dam). The predominance of coarse sediments at stations upstream and finer sediments further downstream affected the choice of habitat by different morphotypes of Chironomidae and it caused a change in the structure of this assemblage in the longitudinal stretch.
Introduction
Hydro-morphological features of rivers reflect longterm climatic and geomorphological processes which are influenced by global changes (Syrovátka et al., 2009) and, by anthropogenic impacts such as mining, dam construction, artificial eutrophication, river canalization and recreation (Dudgeon, 1994) .
More information on the effects of impoundment to identify adverse impacts on the aquatic environment becomes necessary due to the increase of regulation of rivers flows worldwide (Petts, 1989; Dynesius and Nilsson, 1994) . The knowledge of distribution patterns of river biota and habitat preferences is fundamental to effective assessment of possible effects of anthropogenic impacts on fluvial ecosystems. Dams modify the regional hydrological characteristics, limnological, climatological and biological functionality of the river, imposing major adjustments in the distribution of biotic communities (Matsumura-Tundisi, 1999) . Damming impacts can promotes an accentuated decline in aquatic biodiversity, in function of destabilization of chemical and physical environment and modifications in dynamic and structure of biological communities.
The Paraná basin in Brazil is the most intensively exploited with the largest number of reservoirs among the large basins of South America as Engenheiro Souza Dias Dam (Jupiá), Engenheiro Sérgio Motta Dam (Porto Primavera) and Itaipu Dam . The construction of the Engenheiro Sérgio Motta Dam at upstream of alluvial plain of Paraná River causes several changes on hydro-morphological dynamic of the river . Many aquatic communities are affected as periphyton (Murakami et al., 2009) , phytoplankton , fish (Gubiani et al., 2007; Abujanra et al., 2009 ) and benthic invertebrates (Behrend et al., 2009; Rosin et al., 2009) .
Chironomidae larvae are an important component of aquatic communities, both in density as well as in diversity (Armitage et al., 1995; Epler, 2001) . Through of these larvae it is possible to obtain register of ecological process resulting from alterations occasioned by hydrologic variations (Moulton, 1998) . Also, species composi-tion of Chironomidae assemblages differs qualitatively and quantitatively among microhabitats and larvae are highly selective in the choice of a habitat (Maasri et al., 2008) .
The objective of the work was to answer to two questions: 1) how Engenheiro Sérgio Motta Dam influences on Chironomidae larvae along the main channel of Upper Paraná River and 2) how structure of larvae assemblage changes in a stretch of 85 km. The hypothesis was that impoundment causes alterations in riverbed, consequently structure of Chironomidae assemblage differ from the dam to downstream sections.
Material and Methods

Study area
The Upper Paraná River is characterized by the presence of an extensive floodplain with about 230 km long, located 18 km downstream of the dam Engineer Sergio Motta (Porto Primavera) and approximately 200 km from the reservoir Itaipu (Orfeo and Stevaux, 2002) .
The Hydroelectric Engenheiro Sérgio Motta is the largest of region, located in the Paraná River, 28 km upstream of the confluence with the Paranapanema.
Samples were taken at eight stations (S) downstream of Engenheiro Sérgio Motta Dam ( Figure 1 ): S1 (6 km), S2 (10 km), S3 (27 km), S4 (37 km), S5 (53 km), S6 (58 km), S7 (74 km) and S8 (81 km). In the studied sec- tion, the Paraná River shows a large anastomosed channel, low slope (0.09 m.km -1 ), and with an extensive floodplain in the right bank.
Sampling and laboratory procedures
Sediment samples were collected on January, 2012, using a modified Petersen grab (0.0345 m 2 ) along eight transects in longitudinal section of the Paraná River (Figure 1) . In each transect, four sediment samples were taken at right and left banks (RB and LB) and in the center of river channel (C), three for biological analysis and one for grain size analysis.
To evaluate the influence of physical and chemical factors of the surface water on bottom fauna values of water conductivity (mS.cm -1 ), pH, turbidity (NTU), depth, temperature (°C) and dissolved oxygen (mg.L -1 ) were measured at same sites of sediment sampling. Granulometric texture was determined using methodology modified of Wentworth (1922) . Organic matter content was obtained from by burning 10 g sediment at furnace (560°C) during four hours.
Samplings for biological analysis were washed through a series of sieves (mesh size from 2.0 to 0.2 mm). All organisms retained on 2.0 and 1.0 mm sieves were immediately picked out. The material retained on the 0.2 mm sieve was fixed in 80% alcohol and sorted under a stereoscopic microscope. All the invertebrates were identified and counted. Because Limnoperna fortunei (Dunker, 1857) be considered an ecosystem engineer (Darrigran and Damborenea, 2011) by altering habitat structure (Darrigran et al., 1998) , data of presence and absence of this specie were used as a physical variable, which may influence the distribution of Chironomidae larvae.
Chironomidae larvae were dissected and mounted in slides with Hoyer, according to methodology described by Trivinho-Strixino (2011) . The larvae were identified to the lowest possible taxonomic level using the identification keys of Trivinho-Strixino (2011) and Epler (2001) . The slides are stored in the Zoobentos laboratory (NUPELIA/UEM), Maringá, Paraná, Brazil.
Statistical analysis
Chironomidae abundances were transformed to density (number of individuals*0.0345 m -2 ). Relative abundance of each taxon in stations was calculated, using the Statistica software (version 7.1). To characterize the Chironomidae assemblage in each site, Richness (S), Shannon-Wiener diversity index (Pielou, 1975) ; Pielou index (Pielou, 1966) , and Kownacki's dominance index (Kownacki, 1971) were calculated.
Two-way analysis of variance (ANOVA) was used to compare the mean values of assemblage descriptors between transects and sites on the river channel. Prior to ANOVA, the normality of the data distribution (Kolmogorov-Smirnov test) and homoscedasticity of the variances (Shapiro-Wilk test) were tested.
In order to summarize the relation between the Chironomidae assemblages with the water physical and chemical data, a Canonical Correspondence Analysis (CCA) was performed (program MVSP 3.13). Biological data were fourth-root transformed, and environmental data were standardized and transformed. Prior to the CCA, the Draftsman plot routine was used to identify potential collinearity among environmental variables, excluding those that were strongly correlated (r ³ 0.8) (program PRIMER ® 6.0). The data of presence and absence of Limnoperna fortunei were used in the analysis of CCA as abiotic data.
Results
Abiotic variables
During the study, hydrological level of Paraná River was high (between 4.16 and 4.86 m), a typical flood period. Table 1 shows values of water abiotic variables. A slight increase on pH was observed along the stretch of the river, the other variables did not show a spatial pattern.
All sites showed low organic matter content except in right banks of S1, S2 and center of S7 (Figure 2A ). The bed of Paraná River was composed predominantly sandy ( Figure 2B ), with coarser fractions in sites S1 and S2.
Biotic variables
A total of 857 Chironomidae larvae were registered with 36 morphotypes, from three subfamilies -Chironominae (28 morphotypes), Tanypodinae (4 morphotypes) and Orthocladiinae (4 morphotypes).
The highest values of density of larvae were recorded at sites S1 (C) and S4 (LB) and lower density were found in majority at central regions ( Figure 3A ). The highest values of richness and diversity were observed in the banks of S4 and S6 ( Figure 3B and Figure 3C ) and evenness did not vary between stations ( Figure 3D ).
ANOVA confirmed significant differences in the descriptors between stations but not between sites (Table 2).
Riethia sp.1 and Cricotopus sp.1 were abundant in the upstream sites (S1 to S3), while Lopescladius sp.1 was more frequent in stations of downstream (S4 to S6) ( Figure 4) .
Riethia sp.1 and Cricotopus sp.1 were dominant in upstream sites, while Lopescladius sp.1 was dominant in almost all stations, exception in S1. Saetheria sp.1 Tanytarsus type d and Djamabatista sp.2 dominated only in S4 (Table 3) .
No significant variation on water abiotic data along of channel was recorded and the values were excluded from CCA analyses. Axes 1 and 2 of CCA were retained for interpretation (p < 0.05). The two first axes of CCA explained 34.72% of total data variability (axis 1 = 21.03% and axis 2 = 13.69%). The first axis separated samples from stations S1 and S2 from other sites (Figure 5). The shaped group was due high contribution of Table 1 -Mean values and standard deviations (S.D.) of water physical and chemical of the stations. T = water temperature (°C); COND = water conductivity (mS.cm -1 ); DO = dissolved oxygen (mg.L -1 ); TURB = water turbidity (NTU); VEL = water velocity (m.s -1 ). 
Stations
Discussion
Damming of river modifies floods intensity, duration and periods of downstream stretch, and reduces nutrients loads to floodplain below of dam, as in the floodplain of upper Paraná River after Porto Primavera Reservoir. According Williams and Wolman (1984) , dams built mainly for hydropower generation are effective sediment traps Longitudinal distribution of Chironomidae as an incidental consequence of the dam's overall structure and operation and the reduction in sediment concentration on 5 km downstream from the dam is dramatic. This fact influences on benthic communities due to modifications caused by composition of sediment, especially near the dam. Construction of the Engineer Sergio Motta Dam changed hydrological and geomorphologic dynamics of Paraná River . Dam changed flow, reduced supply of suspended load, modified bed forms and changed the pattern of bank erosion .
These modifications caused very difficult to sampling, in stations S1 and S2, on rocky bed with few coarse sediment. Few of pebble and granules were collected in that areas, because there are a constant removal of fine sediment and no have replacement of load suspended sediment by upstream due to dam. The rocky bed river with few pebble and granules favored the establishment of invasive "golden mussel" Limnoperna fortunei in stations S1 and S2.
This species is recognized as invasive in floodplain of the Upper Paraná River since 2002 (Takeda et al., 2003) . L. fortunei growths in consolidated substrates (Morton, 1973) , as rocky bed of stations S1 and S2. Karatayev et al. (2010) introduces data about ability of this invasive species to shape aggregations (druses) and physically change substrates, providing shelter and food for other benthic organisms.
Golden mussel can be considered a "substrate", instead as another organism, affecting structure of Chironomidae assemblage. High density of golden mussel was not necessary to form a big druse because it could be aggregation of small individuals, while few big individuals together can form great druses.
Dominants larvae in stations S1 and S2 are better adapted to coarser substrate where can be found their food. Henrique-Oliveira et al. (2003) showed that Nilothauma and Thienemanniella eat detritus and periphyton. The larvae of Riethia are capable of ingesting detritus, large amounts of diatoms (Chessman, 1986 ). The rocky bed may have favored periphyton community and, golden mussel druse promoted much quantity of detritus for larvae providing by pseudo feces. In turn, Cricotopus larvae, dominant in stations S1 and S2, according to Berg (1995) , is a common taxon in hard substrate.
Increasing the distance from the dam, contribution of finer sediment was due to tributaries transport into the Paraná River. According to , a major source of sediment suspended load of the Paraná River after the dam became from own bed and from banks erosion, especially in the period of higher water. The reduction of the suspended load of the Paraná River downstream of the reservoir, changed the color and transparency of the water , resulting in lower values of turbidity, as observed in the present study.
The changes of substrate were one of decisive factor for the structure of Chironomidae assemblage. The availability of food, size and amount sediment particles are very important factors in distribution and occurrence of aquatic invertebrates assemblages (Williams and Mundie, 1978) .
After 38 kilometers of dam (at station S4), bottom showed modifications on sediment composition from coarse or bed rocky to sandy. During 1993 to 1995, before the closing to former reservoir, Stevaux and Takeda (2002) observed that sediment was compound by medium, coarse and fine sand and found great abundance of Chironomidae larvae on left bank. In present study we found the most diversity and abundance of larvae in station S4 in left bank.
Subsequently the confluence of the tributaries (Paranapanema, Baía and Ivinhema rivers) the composition of the Chironomidae assemblage was altered, with changes of the dominant taxa which are typical of sandy lotic areas (sensu Sanseverino and Nessimian, 2001) , like Lopesclaudius, Cryptochironomus, Harnischia complex morphotypes, Nilothauma, Polypedilum, Tanytarsus, Axarus. All taxa are common to the Paraná River (Higuti and Takeda, 2002; Rosin et al., 2010) . Many of Chironomidae larvae are typically of depositional areas, with fine sediments, like the Lopesclaudius sp.1, the most common morphotype after the input of the tributaries.
The high flow of the Paraná River in center and banks sites characterizes this river as an environment with high instability. Blettler et al. (2012) showed that, in Paraná River (Argentina), there are active bed assemblage characterized by higher density values and r-strategist species and, other one inhabits of the banks, named as banked assemblage, with lower density and high diversity values, richness and evenness. Our data showed similar situation. Chironomidae genera, considered as r-strategist organisms, presented substantial modification in dominance between stations.
In conclusion, assemblage of Chironomidae larvae is one of the instruments of biota to be used as environmental sentinel of modifications caused by human as construction of dam. Dominance of Chironomidae genera change in consequence of modifications on water physical and chemical factors and, mainly on sediment texture of bed river.
